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ABSTRACT
This study has a fourfold purpose. The first is to 
determine how good an estimator of runoff the Thornthwaite 
water balance model is for Southern Ontario. Secondly, it 
attempts to determine if the reliability of the model varies 
according to the size of the basins. The third purpose is 
to obtain some insight into the performance of the model for 
periods of high and low runoff, and fourthly it compares the 
accuracy of the Thornthwaite model for estimating runoff with 
that of a percentage method which states that thirty-seven 
percent of the precipitation runs off.
Runoff was calculated by the Thornthwaite water balance 
model for five different sized basins, and the results were 
compared with measured runoff from the same basins. Runoff 
was also calculated for two of these basins by the proportion 
method and the accuracy of both methods was compared.
It was found that the Thornthwaite model overestimated 
runoff during the high runoff period (January to June) and 
underestimated it during the low runoff period (July to 
December). On an annual basis runoff estimates by the model 
were good. It was also found that the Thornthwaite model 
works better for larger basins than for smaller ones. The 
accuaracy of the proportion method was far inferior to that of 
the Thornthwaite model.
ii
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CHAPTER I
INTRODUCTION 
The Need for Estimating Runoff
Runoff may be defined as "the gravity movement of water 
"1over the earth, 1 It is the amount -which remains from pre­
cipitation when allowance is made for evapotranspiration and 
storage both on and under the ground surface. Runoff, 
although a residual of the precipitation, bears no constant 
proportion to it.
The importance of runoff can scarcely be overemphasized 
since life depends on water. Also*, the success of irrigation 
schemes, water power developments, domestic and industrial
water supply, water transportation and sewage disposal depend
2to a large extent on streamflow.
Because of the importance of water to man it is necessary 
for him to know how much stream flow is available. In order 
to know this, hydrometric stations have been installed on 
rivers to measure the volume of flow.. In the absence of 
hydrometric stations, there is need for estimating runoff, 
hence one of the major functions of scientists studying water 
is to devise models that will predict runoff from ungauged 
water basins.
Some Runoff Theories and Methods of Estimation 
It is known that geology (both surface and subsurface),
1
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2weather, and amount of vegetation are some of the factors that 
affect the total vdlume of runoff. Rainfall may infiltrate 
the permeable layer of top soil, flow under the surface, and 
eventually find its way back to the streams.-* This type of 
runoff will be called "interflow" even though in the literature 
it is sometimes referred to as "storm seepage", "secondary base 
flow", and "subsurface storm flow".^
Open textured sandy soils have higher infiltration capa­
cities than fine grained closely compacted soils. The volume 
of surface runoff is therefore less in the case of the former 
and greater in the case of the latter. Consequently if inter­
flow occurs in an area of open textured sandy soils, it will 
make up a greater percentage of the runoff than would the 
interflow for a corresponding area with fine grained closely
c
compacted soils.
In July 1962, the United States Geological Survey inves­
tigated the relationship between geology and stream flow in 
the 576 square mile Swatara Creek basin in Pennsylvania. It 
was found that there were areal variations of low flows of 
streams and that they were chiefly controlled by geology and 
land use. It was also found that there was a consistent 
range within each of the three broad geologic zones, while
c
there were significant differences between zones.
The amount, duration and intensity of precipitation also 
influences the volume and timing of runoff. Rain falling in 
isolated showers is much less likely to contribute to surface 
runoff than the same amount falling in one continuous heavy 
shower.^ The heavy shower has less chance to soak into the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3soil. The type of precipitation also influences the timing 
of runoff since precipitation in the f o m  of snow would remain 
on the ground until thawed.
It is agreed that vegetation affects runoff. It has been 
argued that a change in the amount or type of vegetation will 
affect only the timing of runoff. Other arguments suggest 
that such a change can increase the amount of transpiration 
thus reducing the amount of water available for runoff. Ward,
for example, argues that,
If, in conditions where water is a limiting factor, 
more evapotranspiration occurs from deep-rooted species, 
such as trees, than from shallower-rooted vegetation, 
then run off will be correspondingly reduced during the 
summer season from say a grass-covered catchment. Where,
however, rainfall is abundant and well distributed....
evapotranspiration is probably similar from all types 
of vegetation and run off is thus not likely to be
significantly affected as a result of differences in
water losses.8
Helvey and Patric point out the vast influence of litter 
and canopy interception. They show that "If there is vegeta­
tion, it is impossible to have all the precipitation falling 
to the ground." Vegetation should therefore reduce the volume 
of runoff from a catchment. The amount of this reduction is
not known, since "interception loss should not be regarded as
entirely wasted rainfall, because transpiration is reduced as
q
vegetation dries". While studying water yield in the
Allegheny plateau, Muller found that "the replacement of open
agricultural land with conifer plantations results eventually
" 1 0in about one-quarter to one-third diminution of water yield.'
It has been recognized that there is a relationship 
between precipitation, evapotranspiration and runoff and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
several attempts have been made to calculate runoff using this 
relationship. One of the earliest attempts was by Meyer. His
theory simply stated is "....  summation of monthly losses from
land and water areas# and the deduction of these monthly losses 
from the monthly precipitation".11 The process by which he 
arrived at monthly losses from land and water areas# is a 
complicated one. His formulae required such data as precipita­
tion# temperature# wind velocity# relative humidity# topography# 
vegetal cover# soil# sunshine# density of vegetation# length 
of growing season# and open water surfaces.
Solomon# working in the Tropical-equatorial regions# 
calculated runoff by taking the difference between recorded 
precipitation and computed actual evaporation. This he did 
annually as well as for long term averages and compared his 
results to those obtained from measured runoff. His results 
were good.12
Mustonen investigated annual runoff in Finland. His work
was done "in a glaciated region of igneous bedrock# covered
mainly by coniferous forests# in a cold humid climate# where
1 ^a continuous snow cover lasts up to 7 months". He tried 
several formulae and with his best one he explained 89% of the 
variation and maintained that the other 11% was explained in 
part by errors in the independent variables# the most important 
of which were precipitation measurements.1^
Hunt used "indexes of hydrologic factors" to calculate 
past runoff in the Lake Ontario basin. His results when 
compared with historical records of runoff for the same basin
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5produced good correlations. The use of average monthly 
precipitation and forecasted monthly temperatures enabled Hunt 
to make good runoff predictions for the same basin. His pre­
dictions, when compared to measured runoff, produced standard
errors of estimate ranging from 0.02 to 0.13. He described
15his results as most satisfactory.  ^ The work done by the 
above-mentioned researchers produced satisfactory results, 
but such input data as precipitation, temperature, wind 
velocity, relative humidity, topography, vegetal cover, soil, 
sunshine, density of vegetation, length of growing season and 
open water surfaces were needed in order to calculate runoff.
The last model that will be discussed is the one advanced 
in 194-8,^ by C.YJ. Thornthwaite and revised in 19577*^ ^ This 
model uses monthly temperature and precipitation records and 
with a bookkeeping procedure made simpler by computers, 
enables one to calculate the amount of water that should run 
off from an area. If this method could produce comparable 
results, it would be worthwhile to use it in place of the 
other more complicated methods referred to above.
In applying the Thornthwaite model, monthly temperatures 
are transposed into values of potential evapotranspiration. 
Then the monthly precipitation is compared with the potential 
evapotranspiration, so that one is able to determine whether 
precipitation is in excess of potential evapotranspiration for 
at month, or whether precipitation is insufficient. If preci­
pitation is in excess of potential evapotranspiration the 
excess helps to replenish the soil moisture and when this is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6done, runs off. Runoff results from melting snow as well as
rain and, according to this model, occurs only when the soil
is full of moisture and when the average monthly temperature
is above 30.2°F. It is therefore necessary to know the water
holding capacity of the soil. This is calculated from soil
and vegetation types, and ranges from 2 inches to 16 inches,
but an average of 12 inches is recommended by the laboratory
of Climatology, if soil and vegetation data are unavailable.
The American Geophysical Union agreed in 1964 that what
is needed is a model that is realistic and valid but uses
1R
only available data. With respect to the latter requirement,
the Thornthwaite water balance method qualifies, since there
is world wide co-operation in the publishing of meteorological
data. It was mainly for this reason that the Thornthwaite
method was selected from the many models mentioned above, as
the one to be further investigated in this study.
The validity of the Thornthwaite method for computing
runoff has been mentioned in previous papers, In studying
the runoff of four basins of the Allegheny Plateau, New York,
Muller found that, with the exception of one basin, mean
annual calculated water yield was ‘'within five percent of
1Qmean annual measured water y i e l d " . I n  southern Ontario,
Sanderson found a 0.995 correlation between measured and
20computed runoff for the Grand River basin, and Phillips 
found a 0.86 correlation between measured and computed annual 
runoff using seven streams in south western Ontario for a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
721ten year period. However Sanderson*s work was only for one 
year, while Phillips’ investigated small hasins, and ignored 
specific vegetation and soils data.
The Present Study
It is the purpose of this study to examine the
Thornthwaite water balance model, as an estimator of runoff
in five southern Ontario basins, and to determine if the
results are comparable to those obtained by Meyer, Solomon,
Mustonen and Hunt as they worked with more elaborate methods.
Another purpose of this study is to determine if the
Thornthwaite model produces better results, than a simple
percentage method. Cass-Beggs, while studying runoff in
Canada and comparing it with precipitation, found that on a
long term average, thirty-seven percent of the precipitation
2?runs off in Ontario. Hence the simple percentage method 
used in this study will assume that thirty-seven percent of 
the precipitation runs off. It was decided to choose a 
rather simple proportional method so that if the results are 
similar to those obtained by the Thornthwaite model one 
would realize that the extra time involved in working the 
Thornthwaite model is unnecessary.
Southern Ontario was selected because it has both 
meteorological and hydrometric stations, the records of 
which are adequate for the study. Figure I shows the study 
basins in relation to size and location, and shows the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Co
9location of the 25 meteorological and 5 hydrometric stations 
that will be employed in this study* Table I lists the 
meteorological stations, their location, elevation and 
length of record used, while Table 2 lists the hydrometric 
stations, their location, drainage area, and length of 
record used.
In this study, runoff will be estimated for five drainage 
basins ranging in size from 30 square miles to slightly over 
2000 square miles. Because in these latitudes there is a 
strong seasonality of runoff, the estimates will be made not 
only on an annual basis, but also for the periods of high 
runoff (January to June) and low runoff (July to December).
The estimates will be compared with the runoff records 
obtained at the hydrometric stations which gauge these five 
basins.
One of the basic aims of this study is to try to 
determine how the correlation between measured and computed 
runoff would vary for different sizes of basins. It was 
therefore imperative that the basins used be in close 
proximity to each other. This would reduce the climatic 
variation between basins.
There were several other factors to be taken into con­
sideration. Bach basin should have a reasonable number of 
meteorological stations in or near the basin since the
Thornthwaite model that will be used requires temperature and
23precipitation data. The records should be of a reasonable 
length since the longer the period studied, the more reliable
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE I
METEOROLOGICAL STATIONS USED IN STUDY
No. Station
(North)
Latitude
(West)
Longitude
Elevation 
(in feet)
No. of Years 
Studied
1 Agincourt 43° 47' 79°16» 590 16
2 Albion 43 54 79 50 950 8
3 Alliston 44 08 79 58 830 6
4 Alton 43 51 80 05 1317 9*
5 Brantford 43 08 80 16 675 15
6 Caledonia 43 05 79 57 675 14
7 Fergus 43 48 80 20 1370 15
8 Galt 43 20 80 19 880 10
9 George toim 43 38 79 55 847 '6
10 Glen Allan 43 40 80 40 .1300 5
11 Guelph 43 33 80 16 1117 15
12 Hamilton 43 16 79 54 303 15
13 Holstein 44 03 80 46 1336 4*
14 Hopeville 44 05 80 34 1573 14
15 Kitchener 43 27 80 31 1125 7
16 Listowel 43 45 80 58 1250 10*
17 Mitchell 43 28 81 11 1100 15
18 Oak Ridges 43 58 79 28 1115 12*
19 Oakville 43 25 79 41 275 7
20 Redickville 44 14 80 13 1715 12
21 Stratford 43 23 81 00 1191 15
22 Uxbridge 44 07 79 06 886 10
23 Waldemar 43 54 80 17 1475 8
24 Woodbridge 43 50 79 36 554 16
25 Woodstock 43 08 80 46 925 15
SOURCE: J.G. Potter, A Catalogue of Climatological Stations
in Ontario. Toronto: Canada Department of Transport,
Meteorological Branch, (1965).
*
The number of years studied is not consecutive.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 2
HYDROMETRIC STATIONS USED IN STUDY
Latitude Longitude Drainage Area No. of Years
Station (North) (West) (Square Miles) Studied
Credit River 
above Cataract 43°50’ 80°01’ 82 11*
Duffin Creek 
above Pickering 43 51 79 04 110 19
Grand River 
above Brantford 43 08 80 16 2,010 15
Humber River 
above Weston 43 42 79 31 309 16
Maitland River 
above Listowel 43 43 80 58 30 9*
SOURCE: Surface Water Data. Ottawa: Canada Department
of Northern Affairs and National Resources, 
Water Resources Branch, (1940 - 1964).
*
The number of years studied is not consecutive.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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should he the findings. Also, each basin chosen should have 
a. gauging station with good or excellent records, and the 
flow, of the river above the gauge should be free from regula­
tion. Since estimated runoff will be compared with measured 
runoff data, both gauged runoff data and meteorological 
records must be available in the same basin for any year 
studied.24
It is hoped that an analysis of the results will indicate 
the reliability of the Thornthwaite model as an estimator of 
runoff in the study basins, and will indicate how the relia­
bility varies for different size basins. Also it is hoped 
that some insight will be obtained into the manner in which 
the model performs for periods of less than one year.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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CHAPTER II
THE STUDY BASINS 
Physical Description
• The fire basins used in this study are situated inland 
from the northwestern coast of Lake Ontario. Geologically, 
the area belongs to the Michigan Basin. The oldest upper 
Ordovician rocks occupy the northern section, while in the
O
south there are the youngest middle Devonian deposits.
Because glaciers altered this area during the Pleistocene 
epoch, there is much variation in local topography, and such 
features as outwash plains, drumlins, and moraines, 
characteristic of glacial lowlands, are clearly visible. 
Figures 2 and 3 show elevations in the study basins, while 
Figure 4 shows the varied nature of the area's physiography.^ 
The elevation, physiographic and soil characteristics of the 
basins will now be examined, and the basins will be discussed 
separately in increasing order of size.
The Maitland River basin above Listowel, occupies only 
thirty square miles and has an east to west orientation* 
Elevations decrease westward from 1410 feet at the headwaters; 
in the east to 1245 feet in the west. This small basin is 
part of the Stratford till plain physiographic division, which 
accounts for its generally flat nature.
This basin has four main divisions of soils, occurring 
in two pairs.^ One pair is the neutral Perth grey-brown
16
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podzolic clay loam, situated in undulating topography with 
a stone-free surface and imperfect drainage, and the neutral 
Huron grey-brown podzolic clay loam situated in moderately 
rolling topography with a slightly stony surface and good 
drainage. This pair occupies the eastern third of the basin. 
The second pair which occupies the western two-thirds of the 
basin is neutral London grey-brown podzolic loam and slightly 
acidic Guelph grey-brown podzolic loam.
In the 82 square mile Credit River basin above Cataract, 
the river flows southwards. The basin is flanked by eleva­
tions of over 1600 feet on the North and West and over 1500 
feet on the East. Elevations decrease inwards and southwards 
to a low at Cataract of 1280 feet. The whole basin is 
situated in the Guelph Drumlin field region which causes it 
to be hilly.
Five main divisions of soils occupy this basin. In the 
east and north there is a slightly acidic Guelph grey-brown 
podzolic sandy loam in hilly topography, slightly stony 
surface and good drainage. This soil is coupled in the east 
with the slightly acidic Fox grey-brown podzolic sandy loam, 
and in the north by the medium acidic Tioga podzolic loamy 
sand. In the south and west of the basin is the Burford 
grey-brown podzolic loam situated in undulating topography 
with few stones and good drainage. This soil type has a 
slightly acidic surface reaction.
Like the Credit River basin, elevations in the Duffin 
Creek basin above Pickering increase northwards. The
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highest elevations in the north are 1125 feet, while the 
lowest elevations in the south are 290 feet around Pickering. 
This hagin has a much more varied topography than the two 
smaller ones. The northern section is part of the Peel plain 
physiographic region and the extreme southern tip is also 
plain area - part of the Iroquois plain. Between these two 
plain regions is a part of the south slope physiographic 
region. In this area flatness gives way to some rather steep 
gradients.
This basin also shows a variety of soils. In the 
north-east and south-central sections of the basin, there is 
Pox grey-brown podzolic sandy loam. In the north-east this 
is coupled with the Guelph grey-brown podzolic sandy loam, 
while in the south it is coupled with the Granby dark grey 
gleisolic sandy loam on level stone-free topography, with a 
poor drainage and a neutral acid reaction. The west-central 
part of the region is composed of London and Guelph grey-brown 
soils with a slightly acidic surface reaction.
The triangular shaped Humber River basin above Weston, 
has an area of 309 square miles. Elevations increase north­
wards and the highest point of this basin (1520 feet) is in 
the north-west. The river flows in a south-south-east 
direction to the point of lowest elevations (430 feet) in the 
south near Weston. There is much variation in physiography.
In the extreme south there are parts of the Peel plain 
region. In the central and eastern section of the basin there 
are parts of the south slope physiographic region, while the
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western part of the basin is occupied by drumlins of the 
Guelph drumlin field. The Niagara escarpment runs southward 
through the west central section of the basin, while there 
are horseshoe moraines in the north.
The soils of this basin are mainly clay. Stretching 
down in the middle of the basin from the north to the south 
is clay loam. In the north it is Huron grey-brown podzolic 
clay loam, while in the south it is Perth grey-brown podzolic 
clay loam. In the east and west of the basin there is 
Haldimand clay on gently undulating stone-free topography.
This soil type has a medium acid reaction and the drainage is 
poor. Along the borders of the river in the south there is 
Pox grey-brown podzolic sandy loam. This same type of soil, 
along with London loam, occupies the north-east section of 
the basin.
The 2,010 square mile G-rand River basin above Brantford, 
is the largest studied. In this basin elevations increase 
northwards, and range from 835 feet in the extreme south to 
1745 feet in the extreme north. This basin straddles many 
physiographic regions i In the south is part of the Norfolk 
sand plain; in the east there are Horseshoe moraines and 
drumlins of the Guelph drumlin field, while in the west can 
be found some of the Waterloo Hills. Parts of the Stratford 
and Oxford till plains occupy the northwestern and southwestern 
sections of the basin respectively, while in the extreme 
south-west is part of the Mount Elgin Ridges.
This basin has the greatest variation in soils. The
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soils range from Fox sandy loam in undulating topography with 
a stone-free surface, good drainage and a slightly acidic 
surface reaction, to Perth clay loam in undulating topography 
with a stone-free surface, imperfect drainage, and a neutral 
reaction. There is hilly topography as well as level topo­
graphy; there are soils with good drainage as well as poor 
drainage and there are soils in stony surfaces as well as 
stone-free surfaces.
The higher lands in the west have a higher precipitation 
than the lowlands further eastwards. Figure 5 shows that 
the three basins to the east of the Credit River, the Ruffin 
Creek and the Humber River basins are all in an area which 
has; an average annual precipitation of between 30 and 32 
inches. The Maitland River basin - the most westerly of the 
five basins studied - has values of 36 to 38 inches. Because 
the Grand River basin extends over western highlands as well 
as eastern lower areas, precipitation values vary throughout 
the basin. There are low values of from 28 to 30 inches in 
the central section and high values of 38 to 40 inches in the 
northwest highlands.
The average annual potential evapotranspiration for the 
study area is shown in Figure 6. Potential evapotranspiration 
is the amount of water that would evaporate from surfaces 
and transpire from plants if it were available in optimum 
amounts. It represents the potential flow of water from 
the earth back to the atmosphere and is therefore a more 
important climatic element than average temperatures.
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Figure 6 shows that values of potential evapotranspira­
tion decrease northwards from 24 inches in the south to 
approximately 20 inches in the north. The isolines have a 
tendency to follow the lake shore in a northwesterly direction, 
rather than to follow lines of latitude directly.^ While the 
Maitland River and the Duffin Creek basin shows a variation of 
less than two inches, and the Humber River and Grand River 
basins both show a variation of almost three inches.
Soil, precipitation and potential evapotranspiration 
data will be used in working the Thornthwaite model. The 
elevation and physiographic characteristics of the basins 
will be viewed again chapter four in terms of their 
contribution to the findings.
Reclassification of Data 
It is evident that there is a great variation of soils 
in the area. The Soil Associations of Southern Ontario map 
shows eight major divisions and sixty-eight minor ones in 
the study area. The Laboratory of Climatology in New Jersey 
published in 1957 a system of soil classification especially 
designed for using the Thornthwaite water balance model.
The system divides soils into five categories, namely, sand, 
fine sandy loam, silt loam, clay loam and clay. The soils 
in the study area were grouped according to this classifica­
tion, and the simplified soil map of the area appears as
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Figure 7. A sixth division, muck, was used in reclassifica-
7
tion, hut does not appear in the study basins.
Most of the natural vegetation has been destroyed in
this area and its place taken by built up areas, farms,
pastures, and land lying fallow. Figure 8 illustrates the
land use in a small section of the Humber River basin. This
map was copied directly from land use maps that are being
8prepared for the Canada Land Inventory, ARDA Branch. It 
shows; seven different classifications; in this 18.6 square 
mile area, and there are nine different land-use -types in the 
study basin. The Laboratory of Climatology in New Jersey 
published a five point classification system of land-use which 
could be used for working the Thornthwaite water balance 
model. With the help of A Guide to the Classification of
q
Land Use for the Canada Land Inventory, the different 
classifications on the ARDA maps were grouped into the five 
point system recommended by the Laboratory of Climatology. 
Figure 9 shows the same section of the Humber River basin 
regrouped into the five point system. The Thornthwaite 
water balance model can now be applied to the area, 
since the soils and vegetations have been reclassified 
into systems which were specially designed for using this 
model.
It is the combination of vegetation and soil that 
determines the water holding capacity of the soil. Sandy 
soils hold less water per unit depth than clay soils. Also 
root depths differ with types of vegetation. The amount of
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water that can be held in a root zone is calculated by- 
multiplying the volume of water per unit depth by root depth. 
This is referred to as the water holding capacity of the 
soil, and such information is necessary for the Thornthwaite 
model since it assumes that the soil must be full before 
run-off can occur.
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CHAPTER III 
METHODOLOGY
Two methods of using the Thornthwaite water balance 
model will be employed in this study. The first is that using 
the vegetation and soils data to calculate water holding capa­
cities. The second method - that which uses an average water 
holding capacity of twelve inches for the whole basin will be 
employed in the Grand River basin, so that the performance of 
both methods can be tested. Also a simple percentage method 
will be examined for two basins, so that the results obtained 
by this method can be compared with those obtained by the 
Thornthwaite water balance method.
Methodology Used for the Humber River and 
the Puffin Creek Basins 
The Humber River basin above Weston contains three 
meteorological stations - Albion, Oak Ridges, and Woodbridge, 
and it is data from these stations that will be used in the 
calculations. The first problem that presents itself is 
allotting portions of the basin to each station. How much of 
the basin should each station be allowed to represent? The 
Theissen polygon method could not be used here since there 
are considerable differences in elevation within the basins,
•i
and the method was designed mainly for flat areas. Since 
runoff is thought to vary with elevation, the elevation
33
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method was used to divide the basin into three parts. Wood­
bridge is at an elevation of 550 feet while Oak Ridges has an 
approximate elevation of 1100 feet* The middle elevation 825 
foot contour was drawn and this was used as the dividing line 
between Woodbridge and Oak Ridges* Similarly the 750 foot 
contour was used to divide Woodbridge from Albion. By 
measuring the divisions, it was found that the Woodbridge 
station represented 127 square miles or 41$ of the basin, the 
Albion station represented 155 square miles or 50$ while the 
Oak Ridges station represented 50 square miles or 9$ of the 
areas.
The next step is to calculate the water holding capacities 
of the different soils in the basin. The simplified soil and 
vegetation maps obtained in chapter two were used and, as shown 
in Table 3, the combination of these five types of soil and 
five types of vegetation yields ten possible different water 
holding capacities. It is now necessary to determine how 
much of each possible combination of vegetation and soil is 
present in each of the areas represented by a station. For 
example, how much of the area represented by Albion has 
pasture on fine sandy loam (water holding capacity 6.0 inches) 
or pasture on silt loam (water holding capacity 10 inches)?
One method of determining this would be to planimeter
the areas. A quicker way is to sample the area. The sampling
procedure decided upon was the one proposed by B.J.L. Berry 
2
in 1962. In an attempt to find a method of sampling flood 
plain data, Berry reviewed several sampling procedures and
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TABLE 3
WATER HOLDING CAPACITIES FOR DIFFERENT COMBINATIONS
OF VEGETATION AND SOIL*
SOIL TYPE APPLICABLE SOIL MOISTURE
RETENTION (IN INCHES)
A Shallow-rooted crops (spinach, peas, beans, beets, carrots etc.)
Fine Sand 2.0
Fine Sandy Loam 3.0
Silt Loam 5*0
Clay Loam 4*0
Clay 3*0
B Moderately Deep-rooted crops (com, cotton, tobacco, cereal grain)
Fine Sand 3*0
Fine Sandy Loam 6.0
Silt Loam 8.0
Clay Loam 8.0
Clay 6.0
C Deep-rooted crops (alfalfa, pastures, shrubs)
Fine Sand 4.0
Fine Sandy Loam 6.0
Silt Loam 10.0
Clay Loam 10.0
Clay 8.0
D Orchards
Fine Sand 6.0
Fine Sandy Loam 10.0
Silt Loam 12.0
Clay Loam 10.0
Clay 8.0
E Closed mature forest
Fine Sand 10.0
Fine Sandy Loam 12.0
Silt Loam 16.0
Clay Loam 16.0
Clay 14.0
* Modified from Table 10 page 244 of C.W. Thornthwaite and
J.R. Mather, ''Instructions and Tables for Computing Potential 
Evapotranspiration and the Water Balance'1 Publications in 
Climatology. Vol. X, No. 3, (1957)-
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decided that the stratified systematic unaligned sample is 
the best one for such purposes.-* This technique was employed 
on the Humber River and Duffin Creek basins - one sample being 
made for each square mile. The results are shown in Table 4« 
It is now known that in the part of the Humber River basin 
being studied 37$ of the area represented by Woodbridge has 
a water holding capacity of 10 inches, 7$ of the area has a 
water holding capacity of 16 inches, etc.
The runoff was then computed by the Thornthwaite water 
balance method, for the three stations being used in the case 
of the Humber basin, and the two being used for the Duffin 
Creek basin. These computations, as well as those for all 
the other stations of the remaining three study basins, were 
done by means of the computer programme shown in appendix A. 
The calculation of the Thornthwaite water balance is time 
consuming, but the time necessary to perform this study was 
considerably shortened by the use of this programme which 
was kindly supplied by Dr. J.R. Mather, of the Laboratory of 
Climatology. Table 5 shows a sample print out of the water 
balance calculations for the Woodbridge station for the year 
1964.
Because of differences in soils and vegetation within 
the area represented by Woodbridge, nine different water 
holding capacities were found in that area, and the proportion 
of the area having each water holding capacity is also known 
from Table 4« The water holding capacity of the soil affects
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
w
ithout perm
ission.
TABLE 4
NUMBER OF SAMPLES AND PERCENTAGE OF EACH WATER HOLDING CAPACITY 
FOUND IN THE AREAS REPRESENTED BY EACH STATION
HUMBER RIVER BASIN DUFFIN CREEK BASIN
Albion Oak Ridges Woodbridge Agincourt Uxbridge
W.H.C. No of No of No of No of No of
( inches) Samples % Samples % Samples % Samples % Samples %
3 5 3 21 43 5 4 2 4 1 2
4 18 12 4 8 6 5 3 6 5 8
5 10 7 2 4 8 7 2 4 3 5
6 69 46 4 8 4 3 6 12 7 11
8 9 6 2 4 34 28 9 18 15 23
10 15 10 8 17 45 37 21 42 23 36
12 3 2 3 6 6 5 1 2 2 2
14 11 7 3 6 5 4 2 4 3 5
16 10 7 2 4 8 7 4 8 5 8
Total 150 100 49 100 121 100 50 100 64 100
W.H.C. - Water holding capacity
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TABLE 5
SAMPLE OP WATER BALANCE CALCULATIONS FOR WOODBRIDGE STATION, 1964
(WATER HOLDING CAPACITY 12 INCHES)
I F ....... 18.70 21.70 26.80 38.90 56.90 62.40 64.00 65.30 60.50 46.00 36.90 30.70
Unadj PE ... 0.00 0.00 0.00 .02 .09 .11 .12 .12 .10 .05 .02 0.00
P E ........ 0.00 0.00 0.00 .67 3.42 4.25 4.68 4*32 3.12 1.42
00. 0.00
P ......... 2.53 3.56 1.33 2.25 1.35 . 1.50 2.50 2.07 2.95 4.35 3.37 2.54
P - P E .... 2.53 3.56 1.33 1.57 - 2.07 -2.75 -2.18 -2.25 -.17 1.92 2.89 2.54
Acc Pot WL.. 0.00 0.00 0.00 0.00 -2.07 -4.83 -7.01 -9.26 -9.43 -4.29 -.74 0.00
St......... 12.34 15.90 17.25 12.00 10.09 8.01 6.68 5.54 5.46 8.39 11.28 13.82
S t ....... 2.18 0.00 0.00 0.00 -1.90 -2.07 -1.33 -1.14 -.07 2.92 2.89 .71
A E ........ 0.00 0.00 0.00 .67 3.25 3.57 3.83 3.21 3.02 1.42 . •f* 00 0.00
D ......... 0.00 0.00 0.00 0.00 .17 .68 .84 1.10 .09 0.00 0.00 0.00
a .......... 0.00 0.00 0.00 6.81 0.00 o.oo • 0.00 0.00 0.00 0.00 0.00 0.00
R O ........ .. p.CO 0.00 0.00 3.40 1.70 .85 .42 .21 .10 .05 .02 .01
Where: T°F Average Monthly Temperature in °F
Unadj PE - Unadjusted Potential Evapotranspiration 
PE - Potential Evapotranspiration 
Acc Pot WL - Accumulated Potential Water loss 
St - Storage 
£St - Storage Change 
AE - Actual Evapotranspiration 
D - Moisture Deficiency 
S - Moisture Surplus 
RO - Runoff
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the runoff; the higher the water holding capacity the lower the 
runoff and vice versa. The runoff must therefore be determined 
for each of the nine water holding capacities present. Since 
there is only one meteorological station respresenting an area# 
the records of this station must be used to calculate the 
runoff from that area even though there are nine different 
water holding capacities within it. This therefore requires 
that the runoff be computed nine times - one for each water 
holding capacity. The computer programme calculates the 
runoff on a monthly basis# and so these results must be totalled 
for the twelve months of the year as well as for January to 
June and July to December of each year.
Each time the runoff is calculated for a certain water 
holding capacity# the result obtained is the depth of water 
that would run off if the whole area had that specific water 
holding capacity. For example in Table 6# if the area repre­
sented by Woodbridge station had a water holding capacity of 
three inches# the total depth of its runoff would be 9.7 inches. 
Similarly if the whole area had a water holding capacity of 
ten inches# the total depth of runoff would be 9.4 inches.
But it has already been established in Table 4# that only 
four percent of this area has a three inch water holding capa­
city and thirty-seven percent has a capacity of ten inches. 
Hence# only four percent of the 9.7 inches obtained from a 
water holding capacity of three inches is applicable to this 
basin. Similarly# only thirty-seven percent of the 9.4 inches
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TABLE 6
SAMPLE RESULTS OP RUNOFF CALCULATIONS
FOR WOODBRIDGE STATION - 1957* 
(hundredths of inches)
RUNOFF CALCULATIONS 
Water Holding Capacity Jan-Jun July - Dec Annual 
( in inches)
3 899 73 968
4 897 72 964
5 891 71 958
6 885 70 952
8 879 70 943
10 877 70 940
12 874 68 938
14 870 67 936
16 861 65 924
Calculated by the Thornthwaite water balance 
model from meteorological data of Woodbridge.
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obtained from a water holding capacity of ten inches is appli­
cable to this basin. In a similar manner, the corresponding 
percentages of the values obtained for the other water holding 
capacities were calculated. The total of these percentages 
now gives the amount of water that runs off from the area.
These percentages were found for the annual values as well as 
for the seasonal ones. The whole process was done for sixteen 
years in the case of the three Humber River basin stations 
and nineteen years in the case of the Duffin Creek basin 
stations.
Meteorological data were available for Woodbridge for the 
sixteen year period being studied in the Humber River basin. 
However, this was not the case for the Albion and Oak Ridges. 
Whenever data were not available for one of the stations, the 
basin was divided equally between Woodbridge and the other 
station - Albion, or Oak Ridges. If the meteorological station 
at Oak Ridges is to represent fifty percent of the basin, 
instead of its original nine percent, the proportion of the 
water holding capacity in the new area allotted to Oak Ridges 
would in all probability be different from the proportions of 
water holding capacities in the first area that was allotted 
to this station. This therefore requires a re-evaluation of 
the sampled data so that the correct proportions of water 
holding capacities could be obtained for the new divisions. 
Similarly meteorological data were not always available for 
Agincourt and Uxbridge, and a re-evaluation of the water
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holding capacity was necessary for the Duffin Creek basin as. 
well* Table 7 shows the years for which meteorological data 
were available for the stations of both basins, and Table 8 
shows the results of the re-evaluation of the water holding 
capacities.
It was decided that the medium of comparison should be 
inches over the watershed. In the case of the Humber River 
basin, three runoff values have been obtained - one for each 
area represented by a meteorological station* But it is 
necessary to obtain runoff values for the whole basin,that 
is, the three areas together. Since the station Woodbridge 
represents an area which is forty-one percent of the basin, 
forty-one percent of the runoff values obtained for this area 
was calculated. Similarly, fifty percent of the runoff for 
the Albion area and nine percent of that for the Oak Ridges 
area were also found. Thus in the case of annual values for 
the year 1957, 50$ of 3.9 inches + 41$ of 9.5 inches + 9$ 
of 8*6 inches = 6.5 inches - the runoff from the Humber 
River basin for 1957* This process was repeated for high 
and low runoff periods. The values thus obtained for each 
year are the ones which express estimated annual and seasonal 
runoff and will be compared with the corresponding measured 
values. Appendix B lists the estimated annual and seasonal 
runoff along with the measured values. These data as well 
as similar data for the other basins will be analysed in 
chapter four.
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TABLE 7
AVAILABILITY OB METEOROLOGICAL DATA BY YEAR 
AMD STATION (HUMBER RIVER AND DUFFIN CREEK BASINS)
Years Station/Stations for Which
Meteorological Data are 
Available
BASIN
Woodbridge and Oak Ridges
Woodbridge, Oak Ridges 
and Albion
Woodbridge and Albion
Woodbridge, Oak Ridges 
and Albion
DUFFIN CREEK BASIN 
1945 - 1954 Agincourt
1955 - 1960 Agincourt and Uxbridge
1961 - 1964 Uxbridge
SOURCES J.G. Potter, A Catalogue of Climatological 
Stations in Ontario. Toronto: Canada
Department of Transport, Meteorological 
Branch, (1965).
HUMBER RIVER
1949 - 1956 
1957,- 1958
1959 - 1962 
1963 - 1964
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TABLE 8
HUMBER OF SAMPLES A HD PERCENTAGE OP EACH WATER HOLDING CAPACITY 
POUND IN THE AREAS REPRESENTED BY EACH STATION 
WHEN ONLY TWO STATIONS ARE USED IN 
THE HUMBER RIVER BASIN 
AND ONE 
IN THE DUPPIN CREEK BASIN
HUMBER RIVER BASIN DUPPIN CREEK BASIN
Woodbridge Albion or Agincourt or
Oak Ridges Uxbridge
Water Holding 
Capacity 
(in inches)
No. of 
Samples %
No. of 
Samples *
No. of 
Samples 1°
3 5 3 6 4 3 2
4 12 8 16 11 8 1
5 10 K 10 6 5 4
6 24 16 52 34 13 12
8 29 19 19 13 24 21
10 43 32 20 13 44 39
12 5 3 7 5 3 3
14: 8 5 11 7 5 4
16 10 7 11 7 9 8
Total 151 100 152 100 114 100
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Methodology Used for the Maitland River
The Maitland River and the Credit River basins are 
much smaller basins than the two already discussed in this 
chapter and it was felt that one sample per square mile was 
inadequate. Hence, one sample per -§• square mile was used 
instead. Besides this minor change, the remainder of the 
procedure was similar to that used for the Humber River and 
the Duffin Creek basins.
The nine years of data used in the case of the 
Maitland River basin and the eleven years used in the case 
of the Credit River were not consecutive due to a lack of 
meteorological data. Also in the case of the Credit River 
basin, the drainage is affected by regulation during periods 
of low flow^ and so it was decided to study this basin on an 
annual basis only. Appendix C shows the results of computed 
and measured runoff data for the Maitland and the Credit 
River basins.
Methodology Used for the Grand River Basin
The Grand River basin is 2,010 square miles and records 
of twenty-one stations were used to study this large basin 
for fifteen years - 1950 to 1964, but all stations did not 
have records for all fifteen years. Instead of using the 
soils and vegetation data to calculate water holding capa­
cities, the average water holding capacity of 12 inches 
recommended by the Laboratory of Climatology was employed.
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This waa done in order that the performance of both methods 
could be studied.
When the runoff was calculated for each station, the 
results were plotted on an annual basis. Isoline maps were 
constructed of which Figure 10 is an example. These isoline 
maps were planimetered and the percentage of the area under 
each value found. From these percentages the depth of runoff 
was calculated. The procedure was repeated for high, runoff 
and low. runoff periods. Appendix D shows the results of the 
calculated and measured runoff data for the Grand River basin, 
as well as the number of stations used each year.
Methodology Used for the Percentage Method
The percentage method assumes that thirty-seven percent 
of the precipitation runs off. This method was tried on the 
Maitland River basin above Listowel and the Credit River basin 
above Cataract. In the case of the Maitland basin, the 
precipitation was totalled for the twelve months of each year. 
Then thirty-seven percent of these values was calculated 
and compared with the measured runoff from the basins. In the 
case of the Credit River basin, the process was carried out 
on an annual basis only, since there is some regulation above 
Cataract. The runoff results obtained for both basins are 
listed in Appendix E along with the corresponding measured 
runoff. These will also be analysed in chapter four.
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C O M P U TE D  RU NO FF
GRAND RIVER (ONTARIO) ABOVE BRANTFORD 
January to June 1962
Isoline Interval = 2 Inches
Miles
F igure  10
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CHAPTER IV 
ANALYSIS AND INTERPRETATIONS 
Analysis
The runoff calculated by the Thomthwaite model, and the 
corresponding measured data obtained from Surface Water Data, 
are given in Appendices A, B, and C. It has been found that 
in northern latitudes, high runoff during spring thaw months, 
followed by a recession to low flow in late summer and early 
fall is quite normal. Figure 11 which is a hydrograph of the 
Grand River above Brantford for the water year 1960/61, shows 
this normal, trend.
To determine if computed and measured runoff vary together, 
and to obtain a visual impression of this variation, the 
statistics given in Appendices A, B, and C, were used to draw 
three graphs for each basin - one for high runoff period, one 
for low runoff period, and the other for annual data. Only 
one (annual) graph was drawn for the Credit River basin since, 
as was pointed out in Chapter 3, there are some minor regula­
tions above Cataract. The graphs appear as Figures 12 to 20. 
Correlation coefficeints were obtained for each pair of 
statistics, and the results appear in Table 9, along with the
•I
amount of the variation accounted for by each correlation.
Each basin will be examined separately in increasing order 
of size.
The graph which compares the measured and computed runoff
49
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TABLE 9
CORRELATION COEFFICIENTS OBTAINED FROM THE THORNTHWAITE METHOD
AND THE AMOUNT OF VARIATION ACCOUNTED FOR BY EACH 
(Annual and Periods of High, and Low Runoff)
RIVER BASIN
Credit River 
above Cataract
Duffin Creek 
above Pickering
Grand River 
above Brantford
Humber River 
above Weston
Maitland River 
above Listowel
CORRELATION COEFFICIENTS 
Jan- June July - Dec Annual
0.76
0.97
0.91
0.93
0.81
0.90
0.95
0.78
0.85
0.90
0.98
0.90
0.90
i> OF VARIATION EXPLAINED 
Jan - June July - Dec Annual
72.8
57.1
94.1 
82.5 
87.0
65.6
81.7
90.4
61.0
80.6
95.5
81.7
81.4
52
of the Maitland River basin for the high runoff period 
(January to June) appears as Figure 12. It shows that the 
model overestimated for seven of the nine years studied. The 
difference between both lines was not great and both lines 
varied together thus producing a correlation coefficient 
r = 0.93. Figure 13 illustrates the same comparison on an annual 
and a July to December (low runoff period) basis. The July to 
December graph shows the model to be both overestimating and 
underestimating. This resulted in a greater variation than was 
obtained in the January to June graph, thus causing the corre­
lation coefficient r = 0.78. The graph of annual amounts 
shows the model to overestimate more than underestimate.
However there is much less difference between the lines than 
in the case of the July to December graph, and this produced a 
correlation coefficient r = 0.90.
The only graph of the Credit River basin, Figure 14 
shows that the Thomthwaite model overestimates for nine of the 
eleven years studied. However, the computed and measured runoff 
are of the same order of magnitude thus giving a correlation 
coefficient r = 0.85.
The graph which compares measured and computed data for 
the Duffin Creek basin (January to June) is shown in Figure 
15. Here again there is a constant overestimation by the 
Thomthwaite model. The variation between the lines of 
measured and computed data is quite noticeable for the years 
1946-1952, and these are seven of the years when meteoro­
logical data were available for only one station - Agincourt.
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Also the years 1958 - 1961 show the best estimates and for 
three of these years meteorological data were available for 
both Agincourt and Uxbridge, resulting in a correlation 
coefficient r = 0.75.
The graph for July to December, Figure 16, shows that 
the model underestimates consistently for the nineteen years 
studied, and once again the worst estimates were for those 
years which had meteorological data for the Agincourt station 
only. It should be noticed that the years 1961 to 1964 have 
meteorological data for only one station - Uxbridge. Yet the 
difference between measured and computed runoff for those 
years was not as great as it was for the years when Agincourt 
alone had meteorological data. Although the model consistently 
underestimated for July to December this case resulted in a 
correlation coefficient r = 0.81. Similar calculations on an 
annual basis produced a correlation coefficient r = 0.90. The 
graph, Figure 16, shows that there is little difference between 
the two lines. The underestimation in July to December tends 
to counterbalance the overestimation in January to June.
The graphs of the Humber River basin are quite similar 
to those of the Duffin Creek basin. The January to June graph. 
Figure 17, shows the model overestimating, but measured and 
computed vary well together and produced a correlation coeffi­
cient r = 0.91. As in the Duffin Creek basin, the years 
with fewer meteorological data have the greatest differences 
between the lines. The years 1949 - 1956 had meteorological 
data for two stations - Woodbridge and Oak Ridges. These
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show up in the graph as the years of greatest difference 
between measured and computed runoff. The years 1963 and
V
1964 have quite a difference between the lines although 
meteorological data were available for three stations. The 
graph for July to December Figure 18, shows the model under­
estimating runoff for seventeen of the nineteen computations. 
Differences between the lines are small and r = 0.95. The 
graph which compares measured and computed runoff on an 
annual basis, Figure 18, shows both overestimating and 
underestimating, resulting in a correlation coefficient 
r = 0.90.
The graph of measured and computed runoff for the Grand 
River basin, January to June, shows the model to be consis­
tently overestimating runoff. See Figure 19. As can be seen 
from Appendix D, the years 1959 - 1962 had meteorological 
data for the largest number of stations and it is for these 
years that computed and measured runoff data correlate best. 
Conversely the years 1950 - 1952 had fewer meteorological 
data and the differences between computed and measured runoff 
data is greatest for those years. In this case r = 0.97, 
for even though the model consistently overestimates runoff, 
the computed data varies in a similar manner to the measured 
data. The graph for July to December, Figure 20, shows that 
the model consistently underestimates. However both lines 
vary together and produce a correlation coefficient r = 0.90. 
The graph of annual runoff for the same area Figure 20, shows 
that the overestimation in January to June is not completely
counteracted by the underestimation in July to December.
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This makes for a slight overestimation in the annual computed 
data, but on the whole, the computations are good, and r = 0.98.
looking at all the basins together, one sees that com­
puted data are greater than measured data during the period 
of high runoff, and less during the period.of low runoff.
The amount by which the model overestimates in January to 
June is usually greater than the amount by which it under­
estimates in July to December. As a result the annual computed 
values tend to be slightly higher than the measured values*
The January to June graphs for all four basins, show that, 
with the exception of the Maitland River basin, there is a 
general rise in the values of correlation coefficients from 
the smallest basin to the largest basin. In the case of 
the period of low runoff the Grand River basin is exceptional, 
but by a negligible amount. In the case of annual runoff, 
all five basins are available for observation, and again with 
the exception of the Maitland River basin, the efficiency of 
the correlation coefficient increases with size of basin.
One can conclude that the model works better for large areas 
with a representative number of stations.
The correlation coefficient technique was also applied 
to the runoff data computed by the proportion method and its 
measured equivalents. The results of these correlations 
listed in Table 10, along with the corresponding correlation 
coefficients obtained by the Thomthwaite method, and the 
amount of variation accounted for in each case, show the 
Thomthwaite method to have good correlations while those
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TABLE 10
CORRELATION COEFFICIENTS RESULTING FROM THE PERCENTAGE AND THORNTHWAITE 
METHODS AND PERCENTAGE VARIATION ACCOUNTED FOR
RIVER BASIN
CORRELATION COEFFICIENTS 
PERCENTAGE METHOD THORNTHWAITE METHOD
J an-J une July-Dee Annual Jan-June July-Dee Annual
Credit River 
above Cataract 0.65 0.85
Maitland River 
above listowel 0.80 0.78 0.50 0.93 0.78 0.90
Credit River 
above Cataract
PERCENTAGE VARIATION ACCOUNTED FOR
42.3 72.3
Maitland River 
above Listowel 64.0 60.8 25.0 86.5 60.8 81.0
CTl
VJ1
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of the proportion method are low. Only in the case of low 
runoff did the proportion method equal the accuracy of the 
Thornthwaite model. While the Thornthwaite model estimates 
annual runoff "best, the proportion method does its worst job 
in that area. The Thornthwaite model is superior to the 
proportion method, and has been found to account for as much 
as 56 percent more of the variation than the proportion method.
Interpretations
The findings in the analysis section raise several 
questions. Why does the Thornthwaite method overestimate 
runoff for the period of high runoff, and underestimate it 
during the period of low runoff? Why does the method work 
better for larger areas than it does for smaller ones? Also 
do geological and physiographic differences influence the 
accuracy of the Thornthwaite model in this study?
The Thornthwaite model uses air temperature instead of
2
radiation data. As described by Pelton, King, and Tanner, 
evaporation is a function of radiation rather than the 
temperature of the air which Thornthwaite's model uses. In 
the area under study, radiation is highest in May, June, and 
July, while air temperature is highest in July and August. This 
means that the months of May and June would have a computed 
evaporation rate which is lower than it should be. Conversely, 
the months of August and September would have a computed 
evaporation rate which is higher than the actual rate and 
consequently a lower computed runoff rate than should be.
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There are however, some further limitations to the model. 
The model assumes that there is no runoff for a month if the 
average temperature of that month is below 30.2°F. Consequently 
in this study area runoff is computed as: 0*00 inches for 
January and February and sometimes December and March. This is 
not necessarily so since there could be days within those months 
which were relatively warm. This assumption then is the 
primary reason for not examining the model as an estimator of 
runoff on a monthly basis.
Another factor that evidently influences the accuracy of 
the model is the number of stations for which meteorological 
data are available. It has been seen that the more stations 
available with meteorological data the more accurate are the 
computations. The reason is that although the average tempera­
tures used in the model would vary little within a small area, 
precipitation is a more local factor and varies greatly. It 
seems then that the precipitation recorded at any station is 
representative only of the local area.
The results of this study show the major controlling 
factor in the accuracy of the Thornthwaite model to be the 
size of the basin. There was no consistency between the 
accuracy of the model and either elevation or physiography.
The section of the Maitland River studied is all plain. It 
is true that the January to June and annual runoff estimates 
made for this basin were better than should be expected if 
size of basin is the controlling factor. It could be argued
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that the cause of this is the general flatness of the hasin, 
and this argument could be further substantiated by the fact 
that the Credit River basin produced the worst annual estimate 
and is relatively the most hilly basin studied. However, this 
argument fails, since the Maitland basin, being the flattest, 
should, but does not, produce the best results. Also the 
Duffin Creek basin takes second place in relative amount of 
plain area within the basin, but never takes second place in 
accuracy of computed runoff. Rather it takes its rightful 
third place in the case of July to December runoff, and fourth 
place for January to June and annual runoff. Perhaps if basins 
of similar sizes were studied, other physical factors would 
emerge as being influential in the accuracy of the model.
The correlations obtained from runoff calculations by 
the proportion method are much lower than those obtained by 
the Thorathwaite water balance method. The main reason for 
the low correlations in the case of the proportion method is 
that runoff is a residual of precipitation and bears no 
constant relationship to it.
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CHAPTER V 
CONCLUSIONS
In this study the Thornthwaite water balance model waa 
examined in an effort to determine how good an estimator of 
runoff it is in Southern Ontario, and how its performance 
varies for different size basins. The runoff was calculated 
by the Thornthwaite model for five drainage basins and the 
results were compared with measured runoff from the same basins* 
Runoff was also computed for two of the basins by the percentage 
method so that the accuracy of both methods'could be compared.
The virtues of the Thornthwaite model lie in the fact 
that it uses so little data - just monthly temperatures and 
precipitation and, where available, soils and vegetation, 
enabling one to estimate past runoff from climatic data only.
Its limitations are that it does not allow for the influence 
of slope on evaporation, which in turn influences runoff; it 
assumed that there is no runoff for a month if the average 
temperature is below 30.2°F; it uses temperatures instead of 
radiation data.
On the basis of this study the following conclusions 
can be made. In Southern Ontario, the Thornthwaite water 
balance model overestimates runoff in the high runoff period, 
and underestimates it in the low runoff period, but is at the 
same time a good estimator of annual runoff. The model has
70
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been found to work better for larger basins than for smaller 
ones, accounting for almost twenty-three percent more varia­
tion in the case of the Grand River basin (annual) runoff, 
than in the case of the Credit River annual runoff. This 
factor - size of basin - was found to be the important factor 
in the accuracy of the model, rather than other physical factors 
such as physiography and geology.
The number of meteorological stations with available 
data is an important factor in the performance of the model. 
Whenever meteorological data were available for many stations, 
computed runoff resembled measured runoff more closely. This 
is true on an annual basis as well as a seasonal basis.
The simple proportion method produces correlations which are 
inferior to those obtained from the Thornthwaite model. The 
proportion method has been found to account for twenty-five 
percent of the variation where the Thornthwaite model accounts 
for eighty-one percent.
The Thornthwaite model assumes that fifty percent of the 
moisture available for runoff in any one month is delayed 
until the following month. This percentage probably varies 
with place and season, and if these variations were known, 
the specific percentage for a place could be employed in the 
computations thus improving the accuracy of the Thornthwaite 
model. Also the longest study undertaken in any basin was 
relatively short (19 years). It is possible that better 
correlations would be obtained if longer studies were under­
taken.
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Some related mammoth tasks remain. The first is to 
determine if this finding is consistent with similar studies 
of different climatic regions. Secondly, if such consistency 
is apparent, is there any relationship between the size of 
the basin and the accuracy of the Thornthwaite estimates?
Or, is the relationship between parameters other than size?
If there is a relationship, could it be further quantified? 
These are the directions which further research in this field 
should take.
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APPENDIX A
0
C
0c
0
0c
0c
0c
0
0c
0c
0c
0
0
0
0cc
0c
THIS PROGRAM COMPUTES THE AVERAGE WATER BALANCE BY MONTHS 
FOR AS. MANY CONSECUTIVE YEARS AS DESIRED.
5
10
20
20
25
INPUT ITEMS AS FOLLOWS.
CARD 1 
CARD 2
CARD 6
COL 1-4 
COL 5-76 
THRU CARD 5
COL 1-60
YEAR AT START OF DATA.
STATION IDENTITY. ANY CONVENIENT FORM. 
UNADJUSTED PE VALUES FOR SOME I VALUE.. 
THERE ARE 157 VALUES PUNCHED 40 PER CARD 
STARTING AT 52 DEGREES AND GOING BY HALF 
DEGREES' TO. 100 DEGREES.
MONTHLY DURATION OF SUNLIGHT TABLES FOR 
THE STATION LATITUDE. TWELVE VALUES IN 
FIVE COLUMN FIELDS. WITH DECIMAL POINTS
FOLLOWING ARE TWO CARD PAIRS, ONE PAIR FOR EACH YEAR OF DATA. 
FIRST CARD OF PAIR HAS TWELVE MONTHLY AVERAGE TEMPERATURES: 
PUNCHED IN FIVE COLUMN FIELDS, WITH DECIMAL POINT.
SECOND CARD OF PAIR HAS TWELVE MONTHLY AVERAGE PRECIPITATION 
7 VALUES IN FIVE COLUMN FIELDS, WITH DECIMAL POINTS.
FOLLOWING THE LAST PAIR OF T-P VALUES, THERE SHOULD BE A PAIR 
OF BLANK CARDS TO SIGNIFY THE END OF A SET OF DATA.
THE PROGRAM IS SET TO PROCESS MULTIPLE SETS OF DATA. UNTIL 
NO MORE CARDS ARE AVAILABLE.
DIMENSION U(157),C(12)»W(15,12)»T(12),P(12),TITLE (12)
CONTINUE 
WHO = 08.0 
QST = WHC 
SUM = 0.0 
ROS = 0.0
READ 906,IYR,TITLE
PUNCH 905,TITLE
READ 901, U
READ 902, C
W(7,12) = WHC
CONTINUE
READ 902,T
READ 902,P
IF (1(7)) 50,20,50
GO TO 2
STL = W(7,12)
DO 250 J = 1.12 
W(1,J) « T(J)
W(2,J) = 0.0 
W(4,J) = P(J)
W(11,J) = 0.0 
W(12,J) = 0.0
75
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IP (T(J)y32.0) 50,40,40 
40 IT « 2.0 T(J)-62.5 
¥(2,J) = u(lT) *
50 ¥(3,J) = ¥(2,J) C(J)
W(5,J) = W(4,J)-W(3,J)
¥(6.J) = 0.0 
IP (W(5,J)) 60,65,63 
63 W(11,J) = QST-WHC 
65 CONTINUE
SUM = SUM + ¥(5»J)
W(6,J) = SUM
W(7,U) = WHC*EXPP(SUM/WHC) 
¥(8,J) = ¥(7,J) -QST 
QST = ¥(7,J)
¥ 9,J) = ¥(4>J) -¥(&,J)
¥(10,J) = W(3,J) -¥(9,J)
GO TO 200 
70 CONTINUE
¥(7,J) = STL + ¥(5,J)
¥(9,J) = W(3,J)
¥(10,J) = 0.0 
IP (¥(7,J)-WHC) 80,115,90 
80 CONTINUE
SUM = WHC*L0GF(W(7,J:)/WHC) 
¥(6,7) = SUM 
¥(8,J) = ¥(7,J)-QST 
QST = ¥(7,J)
GO TO 200 
90 CONTINUE 
SUM =0.0 
¥(6,J) = 0.0 
¥(8,J) = WHC-QST 
QST = ¥HC
IP(T(J)-31.0) 200,200,110 
110 CONTINUE
¥(7><J) = WHC 
115 CONTINUE
W(11,J)«¥(5,J)+STL-W(7,J)
200 CONTINUE
220 IP (J-1) 230,230,240
230 DO 235 1=1,12
235 (W(13,I) = 0.0
240 DO 245 I = 1,11
245 ¥(13,1) = ¥(IJ«L)+W(13,1)
STL = ¥(7,J)
¥(12,J) = 0.5*(R0S + ¥(11,J)) 
ROS = W(12,J)
250 CONTINUE
¥(13,I) = ¥(13,I)/12
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¥(13,7) =  W(13,7)/12 
DO 270 I = 1,13 
DO 265 J = 1,12
265 T(J) = ¥(I,J)
PUNCH 904, T,IYR,I
270 CONTINUE 
PUNCH 905 
IYR = IXR + 1 
GO TO 10
901 FORMAT (40F2.2)
902 FORMAT (12F5.2)
903 FORMAT (IHI . 12A6)
904 FORMAT (i2F6.2,15,13)
905 FORMAT (IH)
906 FORMAT (14,12A6)
END
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APPENDIX B
MEASURED AND COMPUTED RUNOFF (THORNTHWAITE METHOD)
HUMBER RIVER AND DUFFIN CREEK BASINS 
(Annual and Periods of High and Low Runoff) 
(hundredths of inches)
HUMBER RIVER DUFFIN CREEK
*
Computed Depth Gauged Depth Computed Depth Gauged Depth
Year Jan-Jun Jul-Dec Annual Jan-Jun Jul-Dec Annual Jan-Jun Jul-Dec Annual Jan-Jun Jul-Dec Annual
1946 913 108 1027 644 352 996
1947 976 333 1314 629 570 1199
1948 940 139 1079 863 235 1068
1949 694 122 821 582 214 796 1268 157 1430 1430 278 1708
1950 862 124 989 773 109 882 1082 . 261 1346 813 472 1285
1951 1129 145 1279 918 178 1096 1189 131 1326 727 433 1160
1952 801 112 919 578 110 689 1317 128 1459 1097 405 1502
1953 705 97 807 469 102 571 729 104 839 698 218 916
1954 960 571 1526 756 1082 1838 840' 624 1468 1095 643 1738
1955 894 134 1032 894 162 1056 854 192 1052 894 364 1258
1956 953 346 1290 876 514 1390 1121 189 1310 1360 327 1687
1957 • 605 46 655 577 185 762 951 287 1241 729 433 1162
1958 436 28 465 294 103 398 693 121 819 637 302 939
1959 457 106 567 459 151 610 792 161 958 776 350 1126
1960 1009 176 1191 852 150 1002 ‘1128 236 1368 1087 306 1393
1961 450 88 542 398 145 543 591 161 756 627 306 933
1962 351 72 429 384 188 572 394 168 567 448 238 686
1963 444 47 545 309 109 418 491 102 599 447 196 643
1964 670 118 793 337 128 465 631 87 721 357 270 627
Obtained from Surface Water Data St. Lawrence and Southern Hudson Bay Drainage. 
Ottawa: Queen's Printer, (1940 - 1964)•
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APPENDIX D
MEASURED AND COMPUTED RUNOEF (THORNTHWAITE METHOD)
(hundredths of inches)
GRAND RIVER BASIN
(Annual and Periods of High and Low Runoff)
Computed Depth 
Year Jan-Jun July-Dee Annual
1950 1311 300 1692
1951 1314 251 1591
1952 1190 157 1450
1955 981 155 1187
1954 1170 469 1627
1955 1080 224 1208
1956 1402 469 1900
1957 1098 368 1482
1958 652 148 714
1959 1040 231 1340
1960 1260 230 1509
1961 550 200 776
1962 556 252 789
1963 680 100 891
1964 591 100 721
Gauged Depth 
Jan-Jun July-Dee Annual No. of
Stations
1134 427 1561 12
1194 451 1645 15
959 230 1189 1*
873 229 1102 14
1012 568 1580 15
848 322 1170 16
1200 612 1812 15
771 566 1357 14
409 219 628 17
913 430 1545 17
1153 252 1405 18
485 296 781 19
481 316 797 18
560 182 742 17
435 317 752 15
Obtained from Surface Water Data St. Lawrence 
and Southern Hudson Bay Drainage, Ottawa: Queen1s
Printer, (1940 - 1964).
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APPENDIX E
MEASURED AND COMPUTED RUNOFF (PERCENTAGE METHOD)
MAITLAND RIVER AND CREDIT RIVER BASINS 
(hundredths of inches)
(Annual and Periods of High and Low Runoff)
MAITLAND RIVER * CREDIT RIVER *
Computed Depth Gauged Depth Computed Depth Gauged Depth
Tear Jan-Jun Jul-Dec Annual Jan-Jun Jul-Dec Annual Annual Annual
1948 670 862
1949 596 869
1950 782 1159
1951 977 1034
1952 737 734
1953 508 323 831; 1252 114 1366 774 697
1:954 439 524 964 1337 671 2008 982 1473
1955 - 835 1346
1956
1957
1958 201 515 717 358 103 461
1959 384 629 1013 1450 642 2092
1960 461 266 527 1530 23 1553
1961 362 513 875 509 333 842 839 834
1962 271 365 636 739 78 817 665 671
1963 307 386 693 687 40 727 716 620
1964 3 66 
*
480 846 717 208 925 >
Obtained from Surface Water Data St. Lawrence and Southern. 
Hudson Bav Drainge. Ottawa: Queen's Printer, (1940 -1964)
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